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The effects of lattice distortion on the physical properties of Lag . Cag s MnQOj epitaxial
films are investigated. Our results suggest that larger substrate-ind uced lattice distortion
gives rise to larger zero-field resist ivity and larger negative magunetoresistance. Similar effects
are also observed in samples of different thicknesses and on the same substrate material, with
larger resistivity anti magunetoresistance associated with thinner samples.In addition to x-ray
diffraction spectroscopy, the degrees of lattice distor tionindifferent samples are further veri-
fied by the surface topography taken with a low- temnperature scanning tunneling microscope.
Quantitative analyses of the transport properties suggest that the high-temperature (7' -, T¢)
colossal magnetoresistance (CMR) in the manganites is consistent with the conduction of lat-
tice polaronsinduced by the Jahn-Teller coupling, and that the low-temperature (1" << 1¢)
magnetoresistance may be attributed to themagnetic domain wall scattering. i co ntrast, the
absence of the Jahn-Teller coupling and the large conductivity in LagsCag 5CoO3 epitaxial
filns vield much sinaller negative magnetoresistance which may be attributed to diso rder-spin

scatiering.

PACS: 75.70.-1, 73.50.-h




Recent experimental studies of the colossal magnetoresistive manganites Ly . A, MnQOj s
(I trivalent rare earth ions, A:divalent alkaline earth ions) have led to new information
which suggests the relevance of lattice cffectson the! conductivity and magunetisin of these
mangaunites{1-5]. Some representative experiineiital observation includes a strong correlation
between the thickness of epitaxial films and the corresponding maguctoresistance[ 1}; decreas-
ing Curie temperatures (7¢) and increasing CMR eflects with the increasing lattice distortion
via the substitution of La ions by smallerions of Praud Y([2]; a significant reduction of the
magnetoresist ance in single crystals under a hydrostatic pressure(3]; as well as a large mag-
netovolume effect{4] and a giant oxygen isotope effect[5] in Lay - (Ca,MnQjz. On the physical
origin for the colossal magnetoresistance (CMR), the importance of lattice polaron conduction

incurred by the Jahll-Teller coupling inthemanganites has been proposed|[6].

In this work, we explore the correlation of the lattice distortion and Jahn-Teller coupling
with the magnet oresistance Of Lag ; Cag 3MnQj (1. CMO) and lag 5Cag 5 CoO3 (I.LCCO ) epi-
taxial films. The lattice distortion is varied by cither growing filins of the same thickuess on
substrates with various lattice constants, or by varying the thickness andthe growth rate of
the filim onthe same type of substrate. The correlation between the Jahn-Teller coupling and
the occurrence of CMR is investigated by comparing the physical properties of .LCMO and
1.CCO epitaxial films grown under the same conditions. This comparison is based on the fact
that cobaltites with doping levels between 0.4 and 0.6 are known to be ferroma gnetic met-
als which are isostructure to the manganites and are without the Jahn-Teller coupling[7.8].
The substrates selected include single erystalline LaAlO3 (1.AO), St1103 (S7'0), and YA1O3
(YAO). These substrates are chosen to provide a range of lattice constants which allows

studies of the effects of tensile and comnpressive stress of the films.

The LCMO and 1L.CCO epitaxial films are grown by pulsed laser deposition using stoi-
chiometric targets. For studyingthe substrate-induced lattice distortion, 200 nin thick filins
on different substrates are grown in 100 m”orr of oxygen with the substrate temperature
at 700° C, and subsequently annealed at 900° C of 1 atin oxygen for two hours. The Curie
temperature T for all L, CMO is 260 410 KX, and that for the I,CCO is T¢ = 1S0 5 K. The

lattice constants u, band c (c .l sample surface) as well as the epitaxy of the filins are deter-




mined using high resolution x-ray diffraction spectroscopy and x-ray rocking curves, and the
results have been given elsewhere[9]. Another batch of LCMO filins arce grownon LAO with a
thickness of 100 nin,and under the same conditions described above except for two diflerent
growth rates controlled by the laser fluent.es. Among both the .LCMO and LCCO films of
the same thickness, wc find the largest lattice distortion in L CMO/YAO and 1I,CCO/YAO
from the x-ray datal9].For LCMO/LAQ samples with different thicknesses and under differ-
ent growth rates, the thinner sample of 100 nm is found to exhibit larger lattice distortion.
The chemical properties of these samples arc further characterized with x-ray photoelectron
spectroscopy (X PS)[I O]. The room-temperature valence band spectroscopy shows no density
of states at the Fermi level for themanganitesand a high density of states at the Fermni level
for the cobaltites[1 O], consistent with thesciniconducting nature of the former and metallic

naturcof the latter.

The effects of lattice distortion on the magnctoresistance AR of the LCMO films of
the same thickness (200 nmn) arc illustrated in}'ig.1 for 2/ = 6 Tesla, with the maguetore-
sistance in a magnetic field H defined as ARy = [p(H) - p(0)] /p(H). The correlation of
surface topography with the magnetoresistive behavior of the sample is investigated via STM
imaging. InFig.2 the STM surface topography of I, CM O/ LAO and LCMO/STO films shows
images with atomnically smooth surfaces and highly oriented rectangular terrace steps which
arccorrelated with the substrate and the crystallincaxes. According to our x-ray data and
the transport measurements(9], the I, CMO/LAO and L CMO/STO samples exhibit overall
comparable lattice distortion and magnetoresistance, although the lattice distortion and the
maximuin magnetoresist ance for I, CMO/STOareslig htly larger. These results arc consistent
withthe STM surface topography in Fig. ? which shows coinparable surface roughness{11} for
the two sainples, with a slightly higher step density in the I. CMO/STO filin. Siinilar correla-
ion of the surface topography with the electrical transport properties is also observed in the
case of I.CM O/L.AO films of differcnt thicknesses aud growth rates. .4s shown in Figs.3and 4,
the magnetoresistance of three 1, CMO/1LAO films appear to be correlated with the mclrphol-
ogy of the surface, with the magnetoresistance of the thinner samples (1 00 nrﬁl) significantly

larger than those of the thicker 1, CMO/L.AQ sample (200 nm),and the surface topography




of the thinner sample appears noticeably moreirregular. It is also interesting to note that
the thin sample (100 nin)under a slower growth rate (] .GJ/cm? laser fluence) shows both
step-flow andisland growth modes, whercasthe faster growthrate (2J/cin? laser fluence)
yields a predominantly island growth mode.

Assuming polaron conduction as the dominant conduction mechanism for I, CMO at high

temperatures, the resistivity data for all LCMO filins are analyzed according tothe expression:
(7
p(T) ~al exp f— X (1)
kpl
wher e Iy, is the polaron binding energy, o a constant, and the temperature and maguetic field
dependence of ¥ satisfies the conditions imposed by the polaron model. That is, Fj - » 0
1 the limit of complete maguetic order when the increasing hopping rate of theitinerant
electX’oils exceeds the optical phonon frequency, and #6 - Fio0 ~ constant ill the absence of
long-range magnetic order. For all 1, CIV10 filins, the fitting to the high-temperaturcresistivity
data yields #hox ().35 eV[9]. This energy compares favorably to the Jahn-Teller coupling
energy(6], suggesting that the high- temperature conduction mechanism is dominated by the
lattice polaron conduction.

O the other hand, the low temperature transport properties appear to be strongly corre-
lated with the degree of lattice distortion.That is, samples of larger lattice distortion exhibit
larger resistivity and magnctoresistance, suggesting increasing electron scattering ductoa
larger nunber of magnetic domainsand grain boundaries induced by larger lattice distortion.
The incomnpletely aligned momeunts of the magnetic domains clue to either inhomogeneity or
pinning by local defects below 1¢ give rise tolarger scattering of conduction electrons. There-
fore an applied magnetic field has more significant effects on aligning the magunetic domnains,
thereby more cffectively reducing the resistivity insamples with larger lattice distortion.

To investigate the relevance of lattice polarons to the occurrence of CMR effects, the
resistivity and magnetization of ,CCOfilinsonLAO and YAO substrates were studied.De-
spite comparable lattice relaxationand lattice strainin the manganitesandinl, CCO/YAQ(9],
the magnitude and temperature dependence of the resistivity in the LCMO and 1.CCO sys-

tems exhibit sharp contrasts, as illustrated mnligs.landb. Also shownin Fig.é, for the

1,CCQO/YAOsample, a faster decreascinthe zero-field resistivity as wellas a maximum iu




the magnitude of negative magnetoresistance both occur at approximately the Curie temper-
ature (T¢ =~ 180 K), suggesting that magnetic. ordering below T¢ reduces the resistivity[9].
Our recent studies of the anomalous Hall effect[12] on the .CCO sample also confirin that the
maguetoresistance in I, CCO is of the origin of disorder-spin scattering rather than polaron
conduction.

In summary, wc have studied the effectsof lattice distortion on the physical properties of
Lag.7Cag sMnOsepitaxial films by varying the thickness of films on thesamne substrate, and by
depositing the same thickness of films on various substrates with a range of lattice constants,
Our studies reveal that larger substrate-induced lattice distortion gives rise to larger zero-field
resistivity and larger negative magnetoresistance. The lattice distortion determined from the
x-ray diffraction studies is further confirmed by the STM images of the surface topography.
Our results suggest that the high-temperature (7'--» T¢) CMR in the manganites is consistent
with the conduction of lattice polaronsinduced by the Jahn-Teller coupling, and that the
low-temperature (7' << T¢) negative magnetoresistance can be attributed to the magnetic
domain wall scattering. In contrast, the abscuce of the Jahn-Teller coupling and the large
conductivity in Lag.sCagsCoOg epitaxial films may account forthe much smaller negative

magnetoresistance.
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Fig.1 The cffect of lattice distortion on the magnetoresistance AJy as a function of the

temperature is shown for Lag ;Cag 3 MnQOj epitaxial filins on different substrates of LaAlQj,

YAlQj;, and SrT1 O3. Here the applied field is H = 6.0 Tesla,

Fig.2 STM images of 200 nin thick LCMO epitaxial filins 011 (a) LAO and (b) STO sub-
strates, showing highly oriented rectangular terrace structures formed by step-flow growth
mode. The images are 100nm x 100nm in size and 0.12 nm in grey scale, indicating rins
surface roughnessof 0.4 nmn for (@) and 0.3 1i11-1 for (b). The terrace steps aretypically 0.8 or

0.4 mmn in height, consistent with either the unit cell or half-relit-cell lattice paramcter.

}ig.3 Comparison of the thickness and growth rate dependence of tile maguetoresistance
ARy(7) with H = 6.0 Tesla in LCMO/LAO films. The inset shows the corresponding

zero-field resistivity p(7') of the same samples.

Fig.4 STMimages of 10011111 thick LCMO epitaxial filins grown on 1.AQ substrates at (a)
2 J/an? and (b) 1.6 J/cm?laser fluen ce. The images arc 150nm x 150um in size and the
grey scales are 0.35 nm for (a) ant] 0.25nm for (b), with rms surface roughness of 0.5 mmand
0.3 i, respectively. The higher growth-rate sample (a) shows rounded “rice-paclcly”’terraces
indicating island growth mode. Thelower growth-rate samnple (b) shows jagged “fish-scale”
terraces suggesting a more step-flo~v growth mode. The terrace steps are typically 0.Smnum or
0.4 mnin height, consistent with either the unit-cell or half-unit-cell lattice parameter. The

more distorted surface morphology of the 100 nn fil ins as compared with the 200 nm films

(I'ig.2] is consistent with the higher lattice distortionsinthe former.

1'ig.5 The zero-field resistivity p and the magnetoresistance Ay of a LCCO/LAO filin,

showing strong correlation of the magnetoresistance with spin fluctuations near 7.
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